The purpose of this study was to investigate the relationship between interdental spacing in the upper incisors and other associated factors with colonization by Streptococcus mutans in children. A total of 47 children aged between 24 and 36 months with no decayed cavities were enrolled in the study. Models were obtained to evaluate interdental spacing in the upper anterior region. The relationships between S. mutans colonization and number of erupted teeth, interdental spacing, diet, and oral hygiene behavior were investigated. S. mutans was detected in the saliva of 14 children (29.8%). No sociodemographic variable was associated with colonization by S. mutans. Neither number of erupted teeth nor children's age showed an influence on colonization by S. mutans. However, children with interdental spacing in the upper incisors were less likely to show colonization by S. mutans (15.8%) than those without (39.3%). Furthermore, children who ceased breastand/or bottle-feeding by 15 months of age were less likely to show colonization by S. mutans (22.7%) than those who continued feeding until 19 months of age or more (46.2%).
Introduction
Streptococcus mutans and Streptococcus sobrinus are the principal bacteria responsible for dental caries in humans 12, 13) . A number of factors in the oral environment have been reported to show a correlation with colonization by S. mutans, including diet 14, 17) , salivary composition 4, 6) , enamel hypoplasia 9, 11) , eruption of teeth 5, 7, 15) and oral hygiene 14, 16) . Traditionally, colonization of the oral cavity by S. mutans is believed to only occur when teeth are present. According to Gibbons and Houte 8) , this microorganism requires a nonshedding epithelial surface for colonization, so such activity will only after eruption of the primary teeth. Furthermore, Caufield et al. 5) posited that if colonization by S. mutans occurs with tooth emergence, then specific windows of infectivity might exist, and that these might coincide with the eruption of the primary incisors and primary molars. Fujiwara et al. 7) also reported that the salivary concentrations of S. mutans correlated significantly with the number of erupted teeth, and that a large increment was observed with eruption of the primary second molars. Other investigators also reported similarly high levels in 24-monthold children 10, 17) . This suggests that, pits and fissures are more readily colonized by S. mutans than smooth surfaces.
However, Milgrom et al. 14) reported a prevalence of 53% of S. mutans infection in children aged 6 to 12 months. Some recent studies have shown that abnormalities in hard tissue surfaces can also modulate adherence and colonization by S. mutans 9, 11) . These findings indicate that the loss of integrity incurred by enamel hypoplasia compromises the regularity of the tooth surface, thus enhancing colonization by S. mutans due to an increase in bacterial adherence and plaque retention.
Here, we hypothesized that an absence interdental spacing in the upper anterior region would also modulate adherence and colonization of S. mutans in children.
The purpose of this study was to investigate the relationship between interdental spacing in the upper primary incisors and other associated factors with colonization by S. mutans in children.
Materials and Methods

Study setting and participants
The present study was conducted at the Minami-Urawa Techno Center (Combi Corporation). Children aged 24-36 months were recruited by monitors at the Combi Corporation, based on the following criteria:
1) Completion of a questionnaire by the parent or guardian regarding the child's oral hygiene habits and dental, social, and feeding histories.
2) Informed parental/guardian consent for the child's participation.
3) Good general health and age-appropriate cognitive development.
4) No history of recent antibiotic use.
A total of 47 children were enrolled in the study.
All the study procedures were undertaken after obtaining written informed consent from the child's parents/guardian. The protocol of this study was approved by the Ethics Committee of Tokyo Dental College (approval no. 277).
Experimental design
The children were examined for caries with a mirror and explorer under natural light. Models were then obtained to evaluate interdental spacing in the upper anterior region.
An unstimulated saliva specimen was collected from each child with a sterile spongy tip ( Fig. 1) . A sterile, disposable syringe was then used to extract the saliva sample from the spongy tip. The saliva samples were then immediately transferred to a laboratory (GC Oral Check Center, Tokyo) for quantitative detection of total bacteria and S. mutans in saliva by real-time PCR.
Statistical analysis
Non-parametric statistical analyses were performed with the Chi-square and Fisher's exact test. Logistic regression models were also used to determine independent predictors for S. mutans colonization. SAS ver.8.02 software was used for the analysis.
Results
No decayed cavities were observed in any of the children. Colonization as indicated by the presence of S. mutans in the saliva was observed in 14 children (29.8%). Table 1 shows the relationship between demographic factors, oral hygiene, dietary habits, and detection of S. mutans. Table 2 shows which factors were identified as showing a correlation with colonization by S. mutans in the logistic regression model.
No sociodemographic variables showed an association with the colonization by S. mutans. Neither number of erupted teeth nor age Table 1 Relationship between microbial levels and general, feeding, and oral health risk factors 
Discussion
Traditionally, specific anatomical characteristics of the enamel surface are believed to facilitate the colonization by mutans streptococci, and the type and number of present teeth are correlated with its initial acquisition 8) . The initial infection usually coincides with the emergence of the molar teeth. This suggests that the morphology of the tooth surfaces such as the presence of pits and fissures plays an important role in colonization of mutans streptococci 5, 7) . The results of the present study showed that neither number of erupted teeth nor children's age had an influence on colonization by S. mutans. The results did reveal a difference depending on the presence or absence of interdental spaces, however, and while this disparity was not statistically significant, it dose suggest that the finding that children without interdental spaces in the upper anterior region were more readily colonized by S. mutans cannot be ignored. This suggests that a tight interdental area enhances colonization by S. mutans on the tooth surface due to increased bacterial adherence and plaque retention together with a decrease in carbohydrate clearance.
Warren et al. 18) reported a weak association between the absence of interdental spaces and greater decay experience in the primary dentition. Ben-Basset et al. 1) also studied the relationship between interdental spacing and caries, and reported that caries-free children had a significantly higher proportion of surfaces with at least 0.5 mm of space adjacent to them compared to the caries-affected group.
Furthermore, children who ceased breastand/or bottle-feeding by 15 months of age were less likely to show colonization by S. mutans (22.7%) than those who continued feeding until 19 months of age or more (46.2%).
Human breast milk is generally thought to be minimally cariogenic based on the results of in vitro study 3) . On the other hand, a recent animal study 2) has suggested that high frequency exposure to human breast milk is more cariogenic than that to bovine milk, probably because human breast milk contains a higher concentration of lactose. The results of an earlier study by our group 21) showed that children who continued to breastfeed at the 14) . Earlier study by our group found that children who developed caries before 18 months of age exhibited high caries progression up to 3 years of age 19, 20) . In addition, maxillary primary incisors, especially proximal surfaces were most frequently affected by caries in Japanese children aged between 2 and 3 years 19, 20) . Therefore, any strategy for the prevention of dental caries should include timely control of colonization of the oral cavity by cariogenic bacteria in young children. The present study supports the suggestion that special preventive dental care programs should be developed for children under 18 months of age. These finding might be relevant in the institution of preventive strategies for early childhood caries.
